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I. SUMMARY OF ACCOMPLISHMENTS

1. Assembly of data and. hydrologlc and physlographlc
descrlutlons of the Soviet and U.S. test sites.

The following documents ndve heen prepared for presentation
to the NASA tachnlcal monitor: .

a. A geographlc description of the Fergana Vallay
test site was sent to the HASA Technical tionitor in
April 1877. This description will be updated, including
information from the Soviet descrlptlon, for the final
report. . _ - : _ _ . : L

b. & grographical descripition of the southern
Sierra Y¥evada/San Joaqu1n Valley test site was sent to
the HNASA Technlcal Monltor in Juna 18717.

C. Numerous field measurements of solar
radiation and snow raflsctance taken ﬂurlng tha
1976~77 snow season have bean tabulated and stored as
a computer text file. Printed copies of this data are

"~ available upon reguast and will be included with the
final report.

d. Fiald nmeasurements of air tempnratur P vapor
pressure, surface temperature, and incoming
atmospheric radiatlon, taken during the 1976-77 snow
season, have also bheen tabulated and stored as a
computer text file. Printed copies of this data are
available upon reguest and will be included in the
final report.

2. Development of ensrgy~balance snowmelt model ior
large mountainous areaa.

a. Development of wavelength-denendent topographlc_ B E
solar radiation algorithms. +~ -~ - _ IR

: i. "Method of calculating absdrpfion and
scattering coefficients and portion of radlatlon
‘sScattered forward has been completed. :

ii.  These-coefficients and terrain
information are us=d to prodace maps of solar
radiation. At present the algorithe does not-

- include non~Lambertian reflectance from adjacent
s slopes, ‘but thls modification is under developuent.

iii. HNumerous (over HDO) field measurements
- of incoming and reflected radiation have besn nade,
for callhratlon and’ VEElIlcatlon of algorlthms-




b. Determimation of snow reflectance from Lardsat.

o | ' i. We hava adapted DIRS scftware to our
computer system and have identified suitable ground
control points within study area.

'ii. A program to map space radiaunce values
corresponding to incoming solar radiacion has bhszen
developed.

iii. We have n=acessary field data to apply
standard atmospheric corrections.

; , c. Temperature and humidity estimates.

-i. An algorithm for interpolating temperature .
and vapor pressur2 over a topographic surface fron
: a few discontinuocus measurements has been
f daveloped.

ii. Measurements of temperature and vapor
prassure have hean made at various locations, and
elevations in the study area, at times coincident
with Landsat passes throughout the snow season.
Data from the Bishop WSO has been combined with
‘these measurements for utilization of the ahove
mantloned algorithm.

d. Development of topographlc longwave radiation
algorithms.

: : ~i. 4 method for calculating incoming longwave
¢ radiation under clear skies from near surface
‘ temperatur= and vapor pressure has been developed.

. . ii. Tield measurements of incomingﬁlongwave
radiation have been taken using an Eppley
pyrgeometsr for verification and calibration of
algorithms.

- e. Wind interpolations -~ We have not wodeled wind
over 3~dimensicnal terrain. “But we have begun to devise
some novel methods of indirectly measuring w1pﬂ, using
thermal imagery.

;3,_.Coupling of smggmelt model to a flow model,

da. We hLave examined the literature on frost
penetration ‘and its effect on infiltration rates.
During Qctober we plan to install thermistor arrays at
saveral locations in the snuay area, so that we can
monitor soil and -snow temperatures during the winter.

b. He have bequn to develop a geocoded hydrologic
information system for the study araa.




’ c. We have examined literature on flow through
o : snow, and have begun to formulate methods of routing
. meltwater to the streans.

4. Review of water balance and hydrologic literature
to determine potential contributions of remote sensing.
: a. We have assenblad a set of about 500 partinent,
W recent references, and have developed a computerized
: literature retrieval systam around then.

§ : b. _Fuiure references can be easily included in our
: - system, and it will shortly be expanded yreatly with our:
collection of soil moisture lit:cature.

¢« During the remainder of the first year of the
grant pericd we will expand dur review to include other

potential appllcatlons of remote sens;ng to hydrologlc
modellng.

e T Gt 3 A e



IT. DISCUSSION 9F TASKS UNDERWAY

h. ¥ ENERGY BELANCE SNOWHELT MODEL FOR RUGGED TERRAIN

One of the major objectives of the projsct is the
extension of an energy balance snowmelt model over rugg=d
“terrain. In the initial season we have primarily :
concentrated on radiaticn inputs into the snowmelt model,
and we have made progress in deriving methods of calculating
solar radiation and longwavn radiation, and in determining
wavelength-dependent reflectance from Landsat data. We have
also made a very large number of fi=ld measur=ments of solar
and longwave radiation, temperaturz, humidity, wind speed,
and snow temperature and dsnsities; those measurements will
be used to calibrate and/or verify our computations. By the
end of the first year of the grant w.: hope to have the
radiation algorithms solved. These st1diss are discussed din
detail below. :

We have also worked on ways to derive wind velocitiss
over a large area, and ways to couple a snowmeli model to a
flow model. 1In Euture field seasons we hope Lo work on
these problems.

1. - Development and Testing of ﬂavelength—ﬁependent
Topographlc Solar Radiation Algorithms

Many slope rad1a+1on models have heen deVLloped, but
typically they eithar do not include horizon information, do
not calculate reflection from adjacent slopes, or do not
subdivide incoming radiation into wavalength bands. .In a
mountainous, snow~-coveral aresa, all of these refinements are
essential. S S B ' f

-Here we have daveloped a program which us=i the NCIC
Digital Terrain Tapes to calculate slope, exposure, and
horizon information for svery point on a grid (Dozier and
Outcalt, 1n preparatlon)a

_ To calculate the solar radiation dlstr1hutlon on such a
surface, it is necessary t¢ first calculate the beam and
diffuse radiation at the range of altitudes in the region.
Generally the approach to this problem has been *o model the
~incoming radiation using estimates of the atmospheric
aerospl distribution, but these methods are computationally-
expensive, and aerosol distributions are typically not
known. S S & '
Our approach is to calculate the wavelength~ dependent

-absorption {k)) and scattering (0x) coefficients and thz
‘portion of the radiation scattered forward {8 ) from a set

- of three global radiation measurements with an Exotech

Landsat Ground-Truth Radiometer. The method used i to take
three measurenents whlch differ either in orientation or in
optlcal alr nass (whlch varleq with solar zenlth angle Z)



The beam radiation on a surfaca normal to sun is:

SM-. = SAO_ exp [—(kkma +l0')\ m ) ]

where 5,4, = solar constant in band A
: my = relative absorbing air mass, either
ozona or water vapor, depending on A
mg = relative scattering air mass.

The beam radiation on a horizontal surface is:

shh = SD\L cos' Z

Global radlaklon on an unobshructpd herizontal surface is
(Kondratyev, 1969 p.U53) 1

Gp = | {2.=_mg) [Swo exp( k;_»rh) cos_ 7]
2(1 = K{p) - (mg - 2AAD) exp[ & gy (M = 2) ]

hnre AAD is the dlffu reflactance in wavelsngth banﬁ'AQ

The diffuse radiation th on a horizental surfacs is
thus: : : o

Dxh = Gxh =Sih
“The global radiation at a point on a slope, which is the_

value measured in the field, is the sum of the beam,
diffuse, and reflected componsnts:

Gasl = Sisl *+ DBrs1 + Eas)

where
S T Sli_cos AN
D1 = Dap VE
U Rygr = Dy (1 VE)N Bp 4+ S5y (1 _".-Vf) MR
Asl Ah A
| . . + S)\.L A}\B s}n an l e ADB
where Zt = solar zenith angle with reqpect to slope
o vf = view factor, portion of sky ssen,
L = cos2{0.5%[5+ (90 - H) I}
‘Mypg = portion of beam radiation which is diffusely
T Lreflected
bhp = portion of beam radlatlon which is schular]y
: reflescted : .
H = mean horizon angle from zenlth
sin 8% = cos §' cos 2" - cos Z" sin Z" cos (m -m! )
- SY = slope with respect to opp051ng slope
‘2" = solar-zZenith angle on opposxng slope
"9 = azinuth of sun
Pt = az1muth of slope

The -formulation: for sin 9" is fron Paltrldge and Platt = . -
(1976 p.128). o




Three wmeasurements of the global radiation, taken either
at one time with different orientations, or taken at
different times and hence different Z, lead to three non-
linear equations with three unknowns. These are solved using
Brown's ({1969) method. #e will use our extensive radiation
mea surenents to avaluats the =2ffectiveness of this algorithm.

2. Shortwave albedo of an Exten51vm Snow <over Derived
from Landsat Data

Data inputs to the model consist of ths following{

a. Field shortwave radiation m=2asurements: Wa use
Exotech model 190-A "Landsat Ground-Truth" radiowmetsrs, with
switchable spectral bhandpasses identical to MSS bands 4
through 7. The current data base contains measursments taken
at intervals of approximately two weeks from 1Z2 Fehrnary to
31 #ay 1977, coinciding with Landsat overpasses of the study
area. The measurement seguence is described in the previous
"section. In addition we make a reading of the sky radiation
with a 159 field-of~view lens.

b. Landsat computer compatible tapes (CCT's) = scenes
coinciding with field measurements are a minimaw requlrement.'
Ideal covarage requires 3 scenes for each overpass interval
of 2 days. Images acquired in the high-gain mode are
assentially useless owing to detector saturation ovar snow.

c. Digital Terrain Tapes: topography of the study area
(digitized at 63.5-meter intervals) is obtained on tape from
the N¥ational r‘ar*'ograph:.c Information Center. -

‘d. Topographic maps: at 1:62,500 (15') scale, +hey

provide complete coverage of ihe stuﬂy area, from which
geodetic coordinates of -any locatable f=ature or mmaburempnt

site may be manually extracted.

2a themeral data' a computer prograun 51mulates a
specific ephemeris for use in sun angle calculations.:

Certain primary transformations musi be performed upon
each data. 1nput. These are:

A Fleld shortwavp radlatlon measurementb are ronverteﬂ
from analog voltage readings to irradiances (¥ w—2) and
spectral irradiances (¥ m—2 nun—t!), by program RADPRNT. This
same proqram organizes the measurements into an indexed file
from which they way be accessed according to several sorting
parameters. -Albedos (beam and global) are calculated by

ratlclng lncomlng and out901nq values in subsequent progaams.

" b. TLandsat digital voxtagm readlngs [rrom ce r"s) are
converted to space upward radiance values (R{space})) '
(W m=2 sc—tj by the following algor1+hm.

_R(spacg). {Vc*(R(max) P{mln),/(Ks*Ko)J + R(mln)



" V¢ is the calibrated digital voltage for each pixel for
each of 4 bands. R{max) and R(min) are band- dependent
saturation and threshold radiance values. Ks is a
sun-correction constant. Ko is 127 for compressed data from
~bands 4 through 6, A3 otherwise. In practice this algorithm
"is implemented as a table lookup by program RADVRIL.
Saturated values are set to 0, and all Zero values are
subsequently lgnored. . RADVAL also reverses the row-order of
the image so that the origin is in the southwest corner,
‘conforming to the project standard. Pixel coordinates
(sample and line) of selacted features are manually extractad
from transparencies of the Lland=sat scene, and verified from
computer shade prints producad by program CAHPOS. These
surface features are evaluataed for possible use as ground
control points {(GCP's) in subseguent image rectificaihion.

c. Digital Terrain Tapes are processed hy program
DTTORG, which 1) resamples +the ftopographic yrid to a standard
interval (2 100 m interval has been selected as an optimal
‘compromisz between resolution and dates storage cequirements);y
ii) transposes the grid to a west-to~-east major order,
beginning at the south-west corner. This resampled and -
reordered terrain data serves as tho base grid to whicn all
other spatial data is registered. In addition, mean slope
and aspect are computed and stored for each grid cell.

: d. Topographic maps are used to preciseliy locats field
measurﬂmpnt siteées and those image grid control points for
which reliable image coordinates have been found~

Once primary data transformations are completed, the
folliowing seccndary transformatlons are regulred to conplete
the database. :

‘3. Relevant portions of the Landsat imagary ars
rectified to a UTM projection and are resampled to the
standard grid interval of 100 m. This is accomplished by
various programs in the DIRS packaye, originally written at
NASR/Goddard 3FC. The rectlflcatlon uses original ground :
control data or is accompllshad by registering new 1magery to
. a previously rectified image of the. same area.

. b. The Digital Terrain data is combined with ephemeral
data to generate solar zenith angles for each point on the
grid. These are computed relative to absolute ‘and slope .
zeniths, for the date and time of each image. Tha
slope-zenith angle is combined with ephenmeris data and the
solar constant to yield a spectral value for lncomlng
shortwave radiation ignoring the atmosphere. :

“ca Field shbrtvaﬁh peasuremsnts and the ‘corresponding
computed maxima are 1nput to an atmospheric model described
elsewhere in this paper, from which empirical spectral '
coafficients. of ahsorptlon, scattntlng, and fractional
forward scattering are in turn used to adjust the computed
incoping shortwave radiation throughout the grid.



de The same atmospheric attenuation factors are now
applied to the rectified Landsat radiance valuss, this tinme
as compensaticn for the attemnation of upwelling radiance.
- We now have a grid consisting of corrected upwelling radiance
and corrected surface irradiance, conmputed for each grid
cell. '

g£. - The albedo calculated above assumes the surface to
be an isotropic (Lambertian) reflecter. In fact, snow is an
anisotropic reflector with a specular component of reflection
that becomes quite pronounced at swall angles of incidence
{large slope~normal zenith angles). The slope and aspect
data contained in the grid, combined with ephemeral
calculations, make it possilbe to introduce a correction to
the computed albedo of each cell, based on sun angle, mean
slope and aspect of the cell, and look-angle of the MSS5. The
.precise nature of this function has not yet been determined;
its dependence upen the age of the snowpack may rpguire an
emplrlcally determined relationship. Alsc required is a
precise determination of which grid cells actually rspresent
unobstructed snow cover, for which an angularly dependent
albedo correcticn would indeed be approporiate.

0f the steps outlined above, the following'have been
-accomnplished: .

i. <collection of suff1c1ent raw data to begin
a mpanlngful analysis,

'ii. convarsion and indexing of field
shortwave measureltents,

. iii. resampling and regridding of digital
terrain ﬁata,

iv. extraction of geodetic coordinates of
image control points and field measuremsnt sites,:

v. calculation of ephemeral data (solar -
- zenith angle, solar constant) for entire grlé at
- measurament and/or imaging intervals, :

. vi. rectification and resampling of a Landsat
- subimage,

- vii. calculation of slope, aspect,rand
horizon profilas for each grid cell, :

Of the rémainjng steps in the model, the following arse
currently under developmant (i-e., projected completion
within one month): o S

i. 'calculation of""clear;skyu shortwave
irradiance over the grid,

. +ii. refinement of the atmospherlc model and
generation of attenuation coefficients,
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iii. registration of the rectified Landsat
data to the base (terrain) grij.

The major steps in the model remaining to be inplemented
are:

i. calibration of the landsat and surface
radiance values with the atmospheric factess, and
subsequent albedo calculation,

ii. development of a workable angular
correction for snow albedo.

3. Development and Testing of Longwave Radiation
.Algorithms

The model under development is structured as follows:

a. I digitized grid of elevations is formed for the
study area from digital Terrain Tapes (DTZ'S) using +the
program DTTORG. The grid pasolution is variable and the
optimum resolution is determined for each modzsl application.
Mean horizon angles and thermal view factors are calculated
from terrain data for each grid point by routine HORTAB
(Dozier and Outcalt, in preparation):

VE = cos2[ (90=H) /2]

thermal view fa.;tor

whera:; Vf
' mean horizon angle from grid point

a3

Won

h.” Field data and data from Bishop WSC are combined by .

routine LNGDAT. HNeasuremants of air temperature, wet bulb

temperatura, air pressurs, and elevation are combined _
sequentially with field measurements from a particular mnodel
run period., These are us=d as a reference for calculating
air pressure over the study area and for the establishment of
temperature and vapor pressure lapse rates. Pressure is
calculated for each grid point using Bishop station pressur=
and a standard temperaturs lapse rate (=79 km-1 is fypical
of the study area). HNote that this equation is reasonably
insensitive to minor variations in the temperature lapse rats
dus to the extreme variation of pressura with nlevaulon
(Kantor and Cole, 1965}z

Pa = Po * exp[(-g*m)/(&*?)'* in{(To + T*(z-20))/To} ]

pressure at elevation =z

pressure at Bishop

acceleration of grav1ty

molecular weight of dry air
molecular constant for an ideal gas
temperatura lapse rate . :
elevation of grid point

elevation at Bishop WSO

temperature at Bishop WSO

ﬁhere: Pa

R I || {1 T 1O T 1



~10-

c. Tenmperaturs and vaper pressure lapse rates are
established for the model rtun periocd over the study area from
field measurement data. W2t bulb depression (Ta-Tw) 1is
converted to vapor pressure from station pressure and the
psychrometric equation (3yars, 1974):

e(a).= e(s) - {(Cp*Pa)/(.§22*L)J * (Tﬁ—Tw)

where: e (a) vapor pressure

e{s) = saturatien varor pressure :
Cp = specific h2at of dry air at constant
pressurs
L = latent heat of vaporlzatlon
Ta = air temperaturs at z

Tenperature is converted to potantial temperature to simplify
computations {Cramer, 1972):

8 = Ta ¥ (1000/Pa)#*[ﬂ/(m*0p)]

' Pield measurements of temperature and vapor pressure, which
are irregular both spatially and temporally, are expanded to

a regular grid by program NHWGRD using the following
procedures:

i. Grav1tv model forms an 1rreguldr grld from
/Y relatlonshlp ot elevatlon and tim= .

ii. ZTaplacian transform smooths th2 irreqular -
grid (Note: procedures a) and b) were developed by
S. Outcalt) - :

. iii. B2 bicubic spline 1nterpolatlon resamples
the irregular grid at specified time and elevation
intervals forming a r=gular grid (de Boor, 1362y
Rogers et al, 1976). :

These grids of [ (a8/dt) by (@8/dz) ] and [ (Re(a) /at)} by

(?e (a) /02) ] are used to dzterminse @ and e(a) for each point
in the elevation grid. Potential temperaturm is converted
“back to air temperature for each grid point by: o

Ta = e/(1000/9ay**[a/(m*ﬂpfl”

~d. Program INFLUX calculates the followingf

: i. Effective cl°a£ sky emm155lv1ty for every
qud point: using Brutsaeri's (1975) ‘technique
corrected for dlmlnlched pressure and optical path
1nngth

T E(a) = 1.20[e(a)/Tali
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ii. ZIncoming lengwave radiation for every grid
point using output from the above equations:

I(l) = [S(a)*® *Ta*] * [1-VE] + [0%Tg% ] % Vf

where: o = Stefan-Boltzmann constant
= surface temperature

Surface temperature is approximated from an interpolated
mean of field measurements.

2. The grid of incoming longwave radiation flux is:

i. Written to disk Ffor input to energy bhalance
snownelt model.

ii. Plotted as a contour map over the study
ared. : '

iii. Plotted as a three dimensional surface
over the study area.

The model will be calibratad and tested for accuracy by
the following proc¢duras-

a. Blshop WSO data will be usad to calculate prassure

over the study area and to 1n1tlallze the model for Ta, e {a},
and Paa : '

b Field measuremenis of Ta and e{a) will be used to
determine accurate temperature and vapor pressure lapse ratasg
for determlnlng effective atmOSDhnrlc emm1551v19y_

Ca Pyrgeometer measurement s of ﬂncomlng longwave
radiation will be useds: : : .

“i. To run a sensitivity analysis of input
parameters Ta, @(a), their lapse rates, and Pa, the

.grid resclution, and the tinme interval, to improve

the model efficiency and the c05t~effect1veneqs of
field data collectiona.

- ii. 7o make a first order determination of the
effect of cloud and forest radlatlon on 1ncom1ng
longwave radiation.

iii. 7o avaluate model accuracy statistically.

4. - Possible Loproaches to dind interpnlation

One of the knu*ty problems which to continues to facp us .

is the interpolation of wind over complicatad three-
dimensional terrain. #hile flow over simplified, two-
~dimensional tcpography has been simulated, as has flow at
higher elevations in the atmosphers, calculation of surface.
"turbulent exchangp remains a serious prohlem. -During the
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next seasons, we intend to try to vtilize thermal data from
Landsat~C, HCMM, and Tiros ¥ to investigate the wind field.
Our approach will be to invert the snow surfaca temparature
model. Specifically, during non~meliing conditions, if wind
speed, roughness length, radiation etcs ar= known, a snow
temperature profile is one of the outputs of Anderson's
(1976) model. The existence of thermal satallite data would
allow us to measure surface temperature, and solve for ithe
turbulent transfer coefficient, which is related to wlnd
speed.

In order to properly carry out this experimént, we would
- need-thermal data 24 hours apart for the same area. For
Landsat-C or HCHM data we could use the sidalap zone, or we

could use Tiros N data directly. Landsat-C would provide the- -

best resolution, but the temperature response of the
instrument is not as precise. UCMH data mpay not be readily
available. ZIn any case we would carry out simultan=sous
‘ground measurements, to f£ilter out atwmospheric effecis.

Once sev<ral spatial measurements under Aifferent
meteorological conditions wer2 obtained, we could nstlmace
arsza~wide wind dlstrlbutlons for thasze condltlons-
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B. COCUPLING SNOWMELT XODEL TO & FLOW MODEL

1. Review of Literature on FrOQn Penetration and its
Hydrologlc Effects

We have reviéwed the general properties and processes of

. .seasonally frozen ground emphasiznyg relatively coarse soils,

since preliminary research of the mountainous portion of the

-test area indicates the predominance of rocky sandy soils

{¢nderson, 1946, Storie, 1957). Heat and moisture exchange
between the snowpack and ground <an influence the timing of
snownelt. Conditions on the surface and in the ground can

~also influence the timing and rates of runoff.

The presence of bonded concrete frost represents and
impermweable layer at the depth of ice formation (Dingman,
1975). Although concrete frost is probably rare in the
Sierra, it may occur in years when initial snowfall is late.
Other types of frost may increase infiltration capacity or
leave it unaltered. {(Trinble, et al., 1958, Schumm and Lushy,
1963)+ Outcalt (1971, 1976) has developed computer

simulation of the formatiocn cf frost with varying morphology,

and Harlan (1971, 1973) pressants a coupled heat-fluid
transport model which descrikes the process. of infiltration .
into a freezing or frozen soil with given surface boundary
conditions. The process of infiltration is also numericallly
described in static phases by a2 numerical model developed by
Alexesv 2t al. (197?) who also present a simplified dynamic
model shown to give good results in sandy soils. The nmodels
by Harlan (1971, 1973) and Alaxeav ot al. (1972), relatively
recent and theoretically based, lack extensive empirical
validation. These models, particularly that of Harlanm ({1973)
may be suitable for insertion as subroutines in an overall
surface energy budget simulator (e.g. Outcalt and Carlson,
197&.

Tn order to test tha ablllty of thase varlous models to

calculate so0il temperatures and frost penetration, we plan to

install arrays of tharmistors and soil moisture hlocks at a

‘few locations within the study area this fall. These will

enable us to rapidly measure temperature and moisture.

‘gradients within the soil (and snow) when we visit the sites.

2. Development of Geocoded;Hydrologig_lnformation

Systenm

We have begun to assenble da geocodnd hyurologlc
information aysLem for the study area. The drainage basins

““have béen clasfisified into a hierarchy based upon drainage

area, and we are digitizing the boundaries. 0Once the

‘houndaries are digitized, we will be dble to create a- file'

for a glven basin which contalns a variety of data for eva

~ point in the basin. ‘Static data would include topographlc

information such as slops, exposura,.horlzons, elevatlon, and

:-voqetatlve COVeTa Temporal data would lnclude solar

T
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radiation for a given data, Landsat radlance, ~Nflectanty,
and whether snow-covered or not. o

We have not yet agreed on the proper format for this
information system, and plan to delay doing so until afiar a
NASA~-funded conference on geobase information system formats,
to be held in Santa Barbara this month, is concluded.

3. Development of Flow Model for Snownelt

In the Southern Sierra HNavada almost all of the runoff
is from snowmelt. Under extireme conditions, such as occurred
during this last winter, snowmelt modelg bhased on regrESsion
analysis fail to adequately predict snowmelt runoff. ERnergy
balance snowmelt models can predict runoff accurately under
extreme (drought or flood) conditions, but to be used
operationally to improve development or regulation of water
resources, they must be couplnd to ex1st1ng or moalfled
streanflow modelsu

Thus the energy balance snownelt model must he coupled
to a streamfleow model. Once snow has begun to melt the
following must bz evaluated: 1) infiltration and rtunoff
beneath the snowpack; 2) moisture flow in saturated soil
below the smow lime; 3) soil vapor losses. ZIn addition

‘'problens of differences in the resolution between tha

snownpelt model and the flow model must be ovarcome. We se=
our primary problem in th= estination of flow from the snow
to the nearest stream. Once in the stream, axisting flood
routing algorithms are probably sufficient, at least for an
initial approximation to the runoff distribution. In the
coming field season we plan to use our arrays of thermistors .
and soil moisture blocks, plus thermal imagery from
Landsat=C, HCMN (if -available), and NOAR environmental
satellites to estimate water characteristics of the snowpack.



-17-

Cs L ITDEATURE REVIEW ON REHMOTE SENSING APPLICATIONS TO
HYDROLOGIC MODELING '

1. Developnent of %lhllography and Computerized
‘etrinval System

?hys “ar our efforts on this task have been devoted to
gathering articles on the specific problems that we have
contronted, and to developing a computerized information -
ratrieval systewm for this hibliography. 1In comparison to
other litara*ure data bases, this one is quite small and
rather specialized. At present it deals only with those
aspects of hydrologic mod=2ling where we have investigated ths
role of remcte 59n51ng-

The purpose of tho l;tprature retrieval system is
primarily to organize the information in tha llbrary. The
first task was to define a list of keyword topics into which
the articles and books could be categorized. - For sach
articl2, book, and proposal a card was made listing the
anthor or authors, the title, the date of poblication, the
publication title fer a journal or the publisher for a book,
the topic or topics of the entry, and any other relevent
information. The cards are filed alphabetically py author
and kept as a complete catalogue of the library. They are
computerized in order to IaCllltatE their rapld sortlng by
author, topic,; or publication. :

CARDCAT, the card catalcgu= program, is capables of
maintaining a library of up to about 30,000 bibliographic
entries. {2t present only akout 500 entries are supported.)
It can add entries to this library and link them together in
four different ways. Thus the user can obtain a listing of
the entire data base alphabetically by author, of a given

‘topic alphabetically by author, of a given author

chronologically  (latest first), or of a selected entry by
specifying a title. Entriss may b2 deleted at any time. The
user may also specify unions and intersections of topic
listings so that subtopics may be used in the cataloguing
process. . For example, entrcies under subtopic "“a" may be
obtained. A 1listing of all entries under both topics "B" and
"a" yould contain those entries under topic "B," suhtoplc
"a." By requesting a listing of all entries in the union of
topics "a" and "BE" the user would obtain the entire list of
entries for both topics. TFinally, the user wmay obtain a
listing of all entries by a single author. When not
executing, the CARDCKT progzam storEq the data flle on disk.

2. Future Remote Sensing Applications to Hvdrologic
Modeling R RN R 7

~Carrent inputs to hydrologlc modellng from remote

_sen51ng have mostly hbeen limited to presence or absence of
"hydrologic phencmena.: This is evident in the extensive use

of remote sensing data for mAapping snowcover areal axtent



- 18-

(e« g. Barnes and Bowley, 1970; Siefett et al, 19?5;'Hango,
1975). ZImproved accuracies of runoff prediction from the uss

of this application have benn striking (Rango and Salomonson,

1975).

However, most operational hydrologic models are lumped

- parameter models, nsually based on on2 or more convienient
indexes ({such as snow course measurements). Renote sensing
data offers high resolution, multispectral information that
cannot be effectively used by such models. With the
development of distributed paramenter hydrologic models, such
as an energy balance snowmalt model, comes the oyportunlty to
- more fully uhlllze remotaely sensed data.

Techniques developed for remotely sensing therumal
characteristics of the surface and the atmosphers have been
restricted to oceanic r=2gions due to noise problems from
terrain and the differential thermal properties of land
~materials. (Yates and Bandeen, 1975). It is hoped that these

techniques can be extendad over an alpine snowfield whers the
thermal properties of the surface are known and where the
terrain gffects can be filtered. As new remote sensing.
devices become operaticnal, such as the HCHM and Landsat-C

the effective use of thermal data inputs for hydrologic
modeling will become more important (Lockheed Electronicsg
Co., 1977). TIn this regard ye will be reviewing literature
on the following topicssz T -

. i. Tenote deterwmination of soil and show
moisture content.

_ ii. Plant canopy tpmperature detprmlnatlon and
measurementa. ,

"iii. ‘Determination of cloud cover thickness,
temperature, and water content.

1v~__mechn1guns for thermal mapping of _
snowfields; especially mapping the isothermal (oecy -
porhlons of a snowfleld.__

v. Determination of atmosphnrlc tﬂmperatnre
“and vapor prnssure profiles.
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IIT. SOFTIWARE DEVELORYEUT - ;
NASA HYDROLOGY PRCJECT PROGRAH STRUCTURE f

The NASE hydrology project programs are designed to
perform specific tasks, and to write the output in a file
which may in turn be accessed by cther programs. Tn ordec
that the hassles involved be mlanal thej muuh ba :
standardized in ouiput formata.

By agreement then, we adopt'the following standards:

1. With some excertions, output files are in
binary, and are written as sequential files on tape or - :
disk. ' ' ' f

2. The first record should contain the dimensions ;
of the output file (e<g. NX by NY for a grid) and other o
app“oprlate 1nformatlon, such as latitude and longituds,
”grld -spacing,-2ic. - ' - k S

3. Gridded information is written by row, starting
from the SH corner. ZExtensive existing sofiware (e.ga.
'DIRS) which does not use this convention should not bz
rewritten though. Instead, the output files can be
subsequently re-formattead.

a1l progranms should be briefly documented. The
documentation sheuld contain the input specifications, a
description of the methods usad, and an explicit description
of the output records. Prodgrams should also give a sample
print-out of the output data set.  Because we use a variety
of lanquages, we pust take care to make data sets compatlble‘_
‘Load modules for complete programs should be stored in the
PDS HYDROLOGY.PROJECT.PROGLIB on D10300 unless you have a
particular reason for putting them elsewhere. This disk
should be otherwise used for data sets only.

T

. . Topographic analysis.

A. DITIGRG - selects data from digital terrain
tapes and writes into a disk or tape file. ©Options for
lnterpolatlcn and. smooth:ng_ o ' .

. __-B.. TERRAIN -~ calculates slope, exposure, horizons,.
" latitudes, longitudes and elevations. Writes into file.
Can be subgrid of that written by DTTORG.

II,.'Solar radlatlonu_“"

A. BADPRNT - prints out in table formau ,
measurements with Landsat radlometer. Hrites results
“oointko seguential-indexed file.for iapit to ‘other solar . . .0
radiation programs.
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SOLGED (not yet complete} =~ calculates solar

radiation. Numerous options:

1.

Selected points in selected wavelengths at

selected time step. Print out. Used for
verification and calibration.

2.

Selected wavelength intervals at specified

time over entire grid. Used for comparison
with imagery.

3-

Selected wavelength intervals at specified

time step over entire grid. Used for model
inputa. _

4.

Selected 1ntegraelens over de ired

intervals.

Options 3 and 4 may be in terms of net solar
radlatlon as well as incoming. Program uses either
estimated or measured reflectances; estimated or
measured absorption and scattering coefficients and

portion of radiation scattered forward. Tnferruptlop by

canopy cover can be specified for all options.

Lonqwave radiation.

A,

LCNGPENT - prlnts out in table format lonqwavo

radiation measurements.

B.

format.

o o

- SPACSAVR - (formats measuremnents for input to
- Other programs); writes binary data to disk in packed

©ZTEHMP - time/elevation interpolation to

estimate humldlty and temperature at all .elevations and

times.
1. Calculates 1apse rates for temnerature and
humiditya. - - .
2. ndds préessure, temperature, and humidiiy

measurements from.BishOp weather station_

3

Plots tlme-space geaphs for tnmperature

and humidity.

u-

Writes intarpolated temperature and

humldlty to disk for MZGRID.

DI-

INFLUX - calculdtes lonygwave radlatlon from

temperature, humidity, and topographic data. 'Uses
measurements for callbratlons. Options-

1-

elected points at selected tine stop used

for verlflcatlon and calibration.
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2. At specifiead time over entire grid.

3. &t sp901f19d time btnp over entlre grid.
Used for model input. _ !

‘4., Selected integraticns over desired time
intervals over entire ngd- Used for model
input. _

Temperature and hupidity data.. .

. . . \

A. TZGRID - coarse model. Uses TZTENP to specify
temperature and humidity valuns at every grlﬁ p01nt for
every time step. .

Wind information - not yet developed.
Snowmelt modeling.

A. aNOWBAL'—'(fromhﬁhderson, 1976) uses inpwt fron
previous programs to run snownelt model for all grid
p01nts. . -

Satellite data analysis proyrans.

iA. DIRS - NASA program for rectification,
rotation, and printer dmsplay cf Landsat data._ Systen
elements: ' '

1. COMCCT - Converts rectified imagé.or
subipage from compesite to CCY format.

" 2. 'COMPOS - Ra2fcrmats CCTs into composite
tape format; produces shade prints; does edge

image correlatian.

3. DICOSYS (not yet implemented) = Accepts
film recorder format image tapes and applies
annctation contrast and expansion operations
to the 1mage' produces f£ilm recorder output
tapes, i : : S _

4. HAPX (not yet implemented) = Extracts o
single band gquadrilateral subimage areas from
composite format rectified image tapea.:

5. MAP2X - Rectifies guadrilateral subimage
areas from composmfp tape with GEOHM f£ije and
writes output in composite or fllm racorder
formata

SR - P8 QU!KLUOK (not yet 1mplemented) - Accepts
‘composite format inmage tapes and ‘produces film
recorder format output image tapes with
optional geomeiric, radiometric, and -
annotation enhancenents. .
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7. RECTFI ~ Cross checks control points {GCPs
and CCPs); computes global mapping funcitions;
creates interpolaticn grid; writes GEOM file
on composite tape; optionally rectifies full
image.

8. "REFRAME = Vertically mosaics uanrectified
Landsat scenas which are contiguous.

9. RREGISTER {not yet implemented) ~ Converts
correlaticn control points into pseudo GLPEs by
computing UTH coordinates at point and’
storing point in GCP format.

10. SIATDUHP (not yet inmplemented) - TxtTracts
image format center time and attitude estimate
from SIAT? file.

B. RADVAL - reformats DIRS output and converts to
radiance values.

VIIZI. Mapping pPrograns, for. 1ntmrpolatlon and display of -
results.

A DWTMAP - naps outbut from DITDRG, as contour
_ maps or parspective glots. -

B. NCAB graphics package (not yei implemented) -
powerful set of subroutlnes for graphlc outnut on
Calcomp plottesr.

~ C. NEWGRD =~ transforms irregularly spaced data
into square or rectangulav grid by using grav1ty model
to form irregular grid and smoothing with Lapzacian;
bicubic spline interpolation then creates grid.

'IX. Miscellaneous subroutines, in addition to those in:the
“IMSL package. Thes=2 are imbedded in the above programs,
but others may find them useful separately.

ANGIN ~ SOlar_geometry fbr_slope

4SPECT ~ slop=z and exposure for point on grid

_ COPFIG ~ calculates dbsorptlon and scattering

"coefficients apd portion of radiation

scattered forward from set of three global
radiation measurements

COOLER ~ Fast Fourier Transform
CSTEP - Fourier Transform of a'step'functiOn'
EPHEN F déc1inatibn;'radius vector, and

équatlon of tlme as functiof of datp

TR S A L LAE TIN n
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HORTAE - calculates horizon angle file for
point in grid _

- IDMSS - converts degrees, minutes, szconds (as

sifgle integer) to seconds

HOVE ~ Moves one vactor into another (in
issembler - vary fast)

NEWTON - root finding hy Newton's mezthod

C RSINTG = anleiQh scatteriug coefficient
- averaged over specified wavelenyth range

ESINTE -~ Rayleigh scattering coefficient at
specified wavelengths

SATW and SATI - saturation vapor pressure ovar

water and ice .

SCINTG - integrated solar coustant in
specified wavelength range -

SCINTF - solar censtant at spuc;ﬁlﬂa
wavelengths

SKYFAC - diffuse solar radiation and
atmospheric thermal radizstion view favtor

SNPATH - sun 9051t10n for date, 1at1tude, and
time _

ZERO - zeroes a vector (in kEssembler - very
fast)

ZPRESS ~ calculates pressura as a functlcn of
elevation, temperaturs, and lapse rLete -



IV. ACCOHMPLISHMENTS FORESIEN BY END OF FIRST YZAR CF GRANT
AND RECOMMENDATIONS FOR FURTHER WORK '

Prior to the end of the first year of the grant, we
foresee completion of the following tasks:

1. Tha clear-sky solar radiation model should ba
developed, with the inclusion of reflectance from adjacent
" slopes.  The medel will be adsguately tested.

2« 2 method of determining snow albedo from Landsat
data will be completad and testad.

3. & method of calculating blear-sky longwave radlatlon_
at varying altitudes will be completed and tested. ‘

: 4. A geocoded hydrologic information system will be
developed for the study area.

Further tasks which we hope %o accomplish in the next
two field seasons are:

1. Interpolatlon of Soviet satelllte lmagery of the
Fargana Valley test site :

"2+ Review of hydrologic modeling literaturs, to
evaluate what model changes are needed for rpmote sens1ng to
play a more meaningfal role. : :

3. Development and testing of frost penstratien
calculations for the study arna_

© . 4, Development of algorlthms to couple snowmelt nodel
to flow model. - S

5. Use of thermal imagéry from'Landsat—c;*ﬂéﬂﬂ; and
NOAR environmental satellites such as TIROS N to better
estimate 1ongwave radiation from clouds and forests.

6. Use of thermal 1magery to estlmate wind dlstrlbutlon
over rugged terrain.
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